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—D Using nonuniform laser illumination on flat targets, with moderate laser energies (200 J), we 
have produced enhanced density scalelengths; e. g., in excess of 0.5 mm at 0.1 of critical density. 

These enhanced scalelengths are of interest in simulating large, high-gain pellets, and investigating the 
potential impact of longer scalelengths on a variety of convective plasma instabilities. The non- 
uniform laser irradiation also affects the spontaneous magnetic fields. These fields were measured 
for the first time using the Zeeman ^ect. Space:and-timB-re«ol»te4..tneasurements, for both polariza¬ 
tions, were made of the 2271-2278 A CV triplet'(2s^Si - 2p^P2 i o)'6n>'sston- A comparison with 
theory gave fields around 200 kG. ^ - 
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GENERATION OF ENHANCED-SCALELENGTH PLASMAS AND 
ZEEMAN STUDY OF MAGNETIC FIELDS 


I. INTRODUCTION 

For the past few years at NRL, we have been studying the physics of ablatively accelerated thin- 
foil targets in order to understand the physics of ablaiively-imploded IGF pellets. 

Recently, we have taken a new direction placing emphasis on the physics of long scalelength plas¬ 
mas: ones that more closely simulate the physics of large, high-gain full-si/e ICF reactor |)cllcis. 
Phenomena such as convective instabilities including stimulated backscatter are of particular interest. 

A promising approach for producing these long-scalelength plasmas is to use nonuniform irradia¬ 
tion of the targets. A brief description of the production of these long-scalelength plasmas is given 
here and Mark Herbst in a separate paper describes some of our initial cx|)criments in this area. 

Nonuniform irradiation may also affect the spontaneous magnetic fields, and we have looked for 
these fields both with Faraday rotation and the Zeeman effect. We have, for the first time, been able to 
measure these fields with the Zeeman effect and most of the discussion is devoted to the Zeeman 
study. 

II. GENERATION OF ENHANCED-SCALELENGTH PLASMAS 

A lO-cm mask is placed in front of the focusing lens. Since the target is in the quasi-near field of 
the focused laser beam, the mask produces an intensity minimum at the center of the la.ser profile. 
This is depicted schematically in Fig. I. The density profile then has a maximum near the center and 
has an enhanced density scalelength. Apparently, the central part of the plasma is hydrodynamically 
confined by a converging peripheral plasma flow. Such a flow is .seen with tracer dots. 

An actual radial laser profile is shown in Fig. 2. along with the corresponding radial density profile 
obtained from a shearing interferogram using a third harmonic laser probe. This was for a half-power 
shot (~5 X lO'^W/cm^). Note the steep density maximum near the center with densities just above 
three-tenths of critical density. 

The axial density variation of the on-axis density is shown in Fig. 3 for a full-power (~I0” 
W/cm^) shot. It is plotted in tenth-critical units of density (note 10"' on ordinate). The axial density 
scalelengths at one-tenth critical is about 600 microns. 

III. ZEEMAN STUDY OF MAGNETIC FIELDS 

As noted earlier, we have used the Zeeman effect to look for spontaneous magnetic fields when 
we use this nonuniform irradiation. Generally speaking, we had expected that these fields would be 
much smaller for multinanosecond irradiation of large focal spots that for the tightly focused, sub¬ 
nanosecond pulses where Faraday rotation showed fields in the megagauss range. 
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The Zeeman study requires that we choose a suitable spectral line. We chose a helium-like car¬ 
bon triplet because it was in the quartz UV range where optical components were available, because it 
had a small stark width, and because it was present at a relatively high-temperature—around 100 eV, 
This is the CK Is 2s^S, - \s2p^Pn n transition near 2270 A We have data for the complete triplet but 
have chosen the relatively isolated 7 - 2 components at 2271 A for a quantitative analysis in order to 
evaluate the magnetic held. 

In order to understand the observed structure in this line, let us look at the target along the main 
laser beam as shown in Fig. 4. and consider three regions. The observed helium-like carbon emission 
comes from ions in an expanding conical annulus shown in dark shade. There is a region inside 
affected by the masking and there is a region outside. The radial expansion of 1.4 x 10^ cm/sec causes 
a 1.1 A Doppler shift of the entire triplet. The red-shifted triplet from the location opposite to the 
side-on observer is not seen—indicating absorption by a relatively cool inside region. The blue-shifted 
triplet is partially absorbed—particularly at later times—by the outside region. 

For purposes of illustration, the magnetic field is shown in a clockwise direction, but our experi¬ 
ment does not distinguish a clockwise from a counter clockwise field. Note, however, that the observer 
is looking at the laser axis so that observations are perpendicular to the magnetic field. Zeeman theory 
then shows that the emitted light has two linear polarizations, the pi components are polarized parallel 
to the magnetic field while the sigma components arc polarized perpendicular to the field. 

The experimental set-up used in the study is shown in Fig. 5. The laser beam. (35 to 40 J in 5 
nsec) shown incident from the left, has its central region blocked by a 7-cm diameter mask. It is 
focused with an //lO lens into a 50-micron thick carbon target. An //1.6 parabolic mirror is used to 
collect light emitted parallel to the target surface. The light is directed with a series of mirrors into the 
spectrograph, allowing only small angles of incidence with respect to the mirror normals in order to 
minimize polarization effects. A 1-m McPherson spectrograph is used, with the grating blazed at 2000 
A. As shown in the side view, in the upper-left, the beam passes through a Wollaston prism before 
entering the spectrograph. The physical separation (8”) of the Wollaston from the entrance slit causes 
a vertical separation of the two polarizations at the exit slit. Since the entrance slit is imaged, one-to- 
one on to the exit slit, the same separation occurs at the exit slit. Mirrors are used at the exit slit to 
deflect the two polarizations into two photomultipliers. We then record, simultaneously and separately, 
the time history of the pi and sigma emissions. 

In order to measure the magnetic field, we must compare these measurements with a theoretical 
Zeeman profile. This calculation was done with a small computer code which allowed a magnetic field 
input in increments of 100 kG and was only done for the 7 =» 2 comtwncnt. The magnetic field input 
determines the relative amplitude and center wavelengths for each of the 9 component profiles; the 
three pi components (parallel to B) and six sigma components (perpendicular to B). Intermediate-field 
corrections calculated by Griem, were included. The optically-thin profiles /,(X) are obtained by adding 
these components at each wavelength. As noted earlier, it is necessary to include opacity effects in 
order to calculate the actual emitted-line profiles /,(\). This is done for the emitting and outside 
regions by modelling with input parameters, Ci and CS. 

/,(X) - (l/C|) 1 ^- exp-C, /,(k))J exp - (C;/,(k)) (I) 

Emission Region Outside Region 

Finally, in order to calculate the "observed" line profiles, one must convolve the emitted profiles 
with the instrument function. Our instrumental function half width of 1.5 Angstroms is greater than 
some of the Zeeman component separations. Thus, absorption will depend on locally different 
unresolvable structures for the two polarizations. However, because absorption changes the total inten¬ 
sity it can actually enhance the observability of these unresolved structure differences. 
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A comparison is shown in Fig. 6 of the experimental profiles observed 5 nanoseconds after the 
peak of the laser pulse with a theoretical profile for 200 kilogauss. Broadly speaking, one must account 
for the widths of the pi and sigma profiles, as well as the ratio of their intensities at profile center. The 
pi components are noted with crosses and the sigma components with circles. The right-hand point lies 
above the 7 ~ 2 theoretical profiles since it also includes a significant 7 0 contribution. Considering 

the normalizations, rather small opacity parameters C| and C 2 are required. The agreements at 100 kG 
and 300 kG were not nearly so close as 200 kG so that the data shows the field to be around 200 kilo- 
gauss. Nevertheless, a slightly smaller pi width would agree better with the data, indicating that a field 
slightly larger than 200 kG would agree somewhat better with the data. 

A comparison is shown in Fig. 7 with observations made 8 nsec after the peak of the laser pulse. 
The striking feature here is that the sigma emission is nearly twice as intense as the pi emission at the 
center of the profiles. However, a field of 200 kG with a relatively absorbing outside region (Ci = 5) 
gives a reasonably good fit to the data. In this case, a slightly smaller sigma width would give a better 
fit to the data, indicating that the field is just under 200 kG. 

Thus, the Zeeman data shows fields decreasing from just above 200 kG at +5 nsec to just below 
200 kG at -f-8 nsec. 

IV. CONCLUSION 

In conclusion, we recall the interest in long-scalelength plasmas and that a promising approach in 
their production is the use of nonuniform laser irradiation. We have produced density gradient 
scalelengths of 600 microns in this way. 

The Zeeman effect has been used for the first time to observe spontaneous magnetic fields in 
laser-produced plasmas. The technique was surprisingly sensitive, allowing 200-kG fields to be 
observed and would allow lOO-kG fields to be observed. The Zeeman result is consistent with the Fara¬ 
day rotation study where the absence of a definite Faraday rotation light pattern indicated that the fields 
were no larger than around 200 kG. However, it remains to be seen whether these fields arc small in 
the sense that they can be ignored in reactor applications. 
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LASER PROFILE (LOG SCALE) 
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OICY ATTN DOC CON FOR SPACE PROJECT DI' 


COMMANDER 

ROME AIR DEVELOPMENT CENTER, AFSC 
HANSCCW AFB, MA 01731 

OICY ATTN EEP A. LORENTZEN 

DEPARTMENT OF ENERGY 
LIBRARY ROOM 0-042 
WASHINGTON, D.C. 20545 

OICY ATTN DOC CON FOR A. LABOHITZ 

DEPARTMENT OF ENERGY 
ALBUQUERQUE OPERATIONS OFFICE 
P.O. BOX 5400 
ALBUQUERQUE, NM 87115 

OICY ATTN DOC CON FOR 0. SHERWOOD 


SANDIA LABORATORIES 
LIVERMORE LABORATORY 
P.O. BOX 969 
LIVERMORE, CA 94550 

OICY ATTN DOC CON FOR B. MURPHEY 
CICY ATTN DOC CON FOR T. COOK 

OFFICE OF MILITARY APPLICATION 
DEPARTMENT OF ENERGY 
WASHINGTON, D.C. 20545 

OICY ATTN DOC CON DR. YO SONG 

OTHER GOVERNMENT 

DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 
WASHINGTON, D.C. 20234 

(ALL CORRES; ATTN SEC OFFICER FOR) 
OICY ATTN R. MOORE 
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INSTITUTE FOR TELECOM SCIENCES 
NATIONAL TELECOMMUNICATIONS & INFO ADMIN 
BOULDER, CO 80303 
OICY ATTN A. JEAN (UNCLASS ONLY) 

OICY ATTN W. UTLAUT 
OICY ATTN D. CROMBIE 
OICY ATTN L. BERRY 

NATIONAL OCEANIC & ATMOSPHERIC ADMIN 
ENVIRONMENTAL RESEARCH LABORATORIES 
DEPARTMENT OF COMMERCE 
BOULDER, CO 80302 
OICY ATTN R. GRUBB 
OICY ATTN AERONOMY LAB G. REID 

DEPARTMENT OF DEFENSE CONTRACTORS 

AEROSPACE CORPORATION 
P.O. BOX 92957 
LOS ANGELES, CA 90009 
OICY ATTN I. GARFUNKEL 
OICY ATTN T. SALMI 
OICY ATTN V. JOSEPHSON 
OICY ATTN S. BOWER 
OICY ATTN D. OLSEN 

ANALYTICAL SYSTEMS ENGINEERING CORP 
5 OLD CONCORD ROAD 
BURLINGTON, MA 01803 

OICY ATTN RADIO SCIENCES 

BERKELEY RESEARCH ASSOCIATES, INC. 

P.O. BOX 983 
BERKELEY, CA 94701 
OICY ATTN J. WORKMAN 
OICY ATTN C. PRETTIE 
OICY ATTN S. BRECHT 

BOEING COMPANY, THE 
P.O. BOX 3707 
SEATTLE, WA 98124 
OICY ATTN G. KEISTER 
OICY ATTN D. MURRAY 
OICY ATTN G. HALL 
OICY ATTN J. KENNEY 

CALIFORNIA AT SAN DIEGO, UNIV OF 

P.O. BOX 6049 

SAN DIEGO, CA 92106 

CHARLES STARK DRAPER LABORATORY, INC. 

555 TECHNOLOGY SQUARE 
CAMBRIDGE, MA 02139 
OICY ATTN D.B. COX 
OICY ATTN J.P. GILMORE 


COMSAT LABORATORIES 
LINTHICUM ROAD 
CLARKSBURG, MD 20734 
OICY ATTN G. HYDE 

TORNELL UNIVERSITY 

DEPARTMENT OF ELECTRICAL ENGINEERING 
ITHACA, NY 14850 
OICY ATTN D.T. FARLEY, JR. 

ELECTROSPACE SYSTEMS, INC. 

BOX 1359 

RICHARDSON, TX 75080 
OICY ATTN H. LOGSTON 
OICY ATTN SECURITY (PAUL PHILLIPS) 

ESL, INC. 

495 JAVA DRIVE 
SUNNYVALE, CA 94086 
OICY ATTN J. ROBERTS 
OICY ATTN JAMES MARSHALL 

GENERAL ELECTRIC COMPANY 
SPACE DIVISION 
VALLEY FORGE SPACE CENTER 
GODDARD BLVD KING OF PRUSSIA 
P.O. BOX 8555 
PHILADELPHIA, PA 19101 
OICY ATTN M.H. BORTNER SPACE SCI LAB 

GENERAL ELECTRIC COMPANY 
P.O. BOX 1122 
SYRACUSE, NY 13201 
OICY ATTN F. REIBERT 

GENERAL ELECTRIC TECH SERVICES CO., INC. 
HMES 

COURT STREET 
SYRACUSE, NY 13201 
OICY ATTN G. MILLMAN 

GENERAL RESEARCH CORPORATION 
SANTA BARBARA DIVISION 
P.O. BOX 6770 
SANTA BARBARA, CA 93111 
OICY ATTN JOHN ISE, JR. 

OICY ATTN JOEL GARBARINO 

GEOPHYSICAL INSTITUTE 
UNIVERSITY OF ALASKA 
FAIRBANKS, AK 99701 

(ALL CLASS ATTN: SECURITY OFFICER) 
OICY ATTN T.N. DAVIS (UNCLASS ONLY) 
OICY ATTN TECHNICAL LIBRARY 
OICY ATTN NEAL BROWN (UNCLASS ONLY) 
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GTE SYLVANIA, INC. 

ELECTRONICS SYSTEMS GRP-EASTERN DIV 
77 A STREET 
NEEDHAM, MA 02194 

OICY ATTN MARSHALL CROSS 

HSS, INC. 

2 ALFRED CIRCLE 
BEDFORD, MA 01730 

OICY ATTN DONALD HANSEN 

ILLINOIS, UNIVERSITY OF 
107 COBLE HALL 
150 DAVENPORT HOUSE 
CHAMPAIGN, IL 61820 

(ALL CORRES ATTN DAN MCCLELLAND) 

OICY ATTN K. YEH 

INSTITUTE FOR DEFENSE ANALYSES 
400 ARMY-NAVY DRIVE 
ARLINGTON, VA 22202 
OICY ATTN J.M. AEIN 
OICY ATTN ERNEST BAUER 
OICY ATTN HANS WOLFARD 
OICY ATTN JOEL BENGSTON 

INTL TEL & TELEGRAPH CORPORATION 
500 WASHINGTON AVENUE 
NUTLEY, NJ 07110 

OICY ATTN TECHNICAL LIBRARY 

JAYCOR 

11011 TDRREYANA ROAD 
P.O. BOX 85154 
SAN DIEGO, CA 92138 

OICY ATTN J.L. SPERLING 

JOHNS HOPKINS UNIVERSITY 
APPLIED PHYSICS LABORATORY 
JOHNS HOPKINS ROAD 
LAURAL, MD 20810 

OICY ATTN DOCUMENT LIBRARIAN 
OICY ATTN THOMAS POTEMRA 
OICY ATTN JOHN DASSOULAS 

KAMAN SCIENCES CORP 
P.O. BOX 7463 

COLORADO SPRINGS, CO 80933 
OICY ATTN T. MEAGHER 
KAMAN TEMPO-CENTER FOR ADVANCED STUDIES 
816 STATE STREET (P.O DRAWER QQ) 

SANTA BARBARA, CA 93102 
OICY ATTN DASIAC 
OICY ATTN TIM STEPHANS 
OICY ATTN WARREN S. KNAPP 
OICY ATTN WILLIAM MCNAMARA 
OICY ATTN B. GAMBILL 


LINKABIT OORP 
10453 ROSELLE 
SAN DIEGO, CA 92121 
OICY ATTN IRWIN JACOBS 

LOCKHEED MISSILES & SPACE 00., INC 
P.O. BOX 504 
SUNNYVALE, CA 94088 
OICY ATTN DEPT 60-12 
OICY ATTN D.R. CHURCHILL 

LOCKHEED MISSILES & SPACE CO., INC. 

3251 HANOVER STREET 
PALO ALTO, CA 94304 

OICY ATTN MARTIN WALT DEPT 52-12 
OICY ATTN W.L. IMHOF DEPT 52-12 
OICY ATTN RICHARD G. JOHNSON DEPT 52-1 
OICY ATTN J.B. CLADIS DEPT 52-12 

LOCKHEED MISSILE & SPACE CO., INC. 
HUNTSVILLE RESEARCH & ENGR. CTR. 

4800 BRADFORD DRIVE 
HUNTSVILLE, AL 35807 
ATTN DALE H. DIV IS 

MARTIN MARIETTA CORP 
ORLANDO DIVISION 
P.O. BOX 5837 
ORLANDO, FL 32805 
OICY ATTN R. HEFFNER 

M.l.T. LINCOLN LABORATORY 
P.O. BOX 73 
LEXINGTON, MA 02173 

OICY ATTN DAVID M. TOWLE 
OICY ATTN P. WALDRON 
OICY ATTN L. LOUGHLIN 
OICY ATTN D. CLARK 

MCDONNEL DOUGLAS CORPORATION 
5301 BOLSA AVENUE 
HUNTINGTON BEACH, CA 92647 


OICY 

ATTN 

N. HARRIS 

OICY 

ATTN 

J. MOULE 

OICY 

ATTN 

GEORGE MROZ 

OICY 

ATTN 

W. OLSON 

OICY 

ATTN 

R.W. HALPRIN 

OICY 

ATTN 

TECHNICAL LIBRARY SERVICES 
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MISSION RESEARCH CORPORATION 

735 STATE STREET 

SANTA BARBARA, CA 93101 


OICY 

ATTN 

P. FISCHER 

OICY 

ATTN 

W.F. CREVIER 

OICY 

ATTN 

STEVEN L. GUTSCHE 

OICY 

ATTN 

D. SAPPENFIELD 

OICY 

ATTN 

R. BOGUSCH 

OICY 

ATTN 

R. HENDRICK 

OICY 

ATTN 

RALPH KILB 

OICY 

ATTN 

DAVE SOWLE 

OICY 

ATTN 

F. FAJEN 

OICY 

ATTN 

M. SCHEIBE 

OICY 

ATTN 

CONRAD L. LONGMIRE 

OICY 

ATTN 

WARREN A. SCHLUETER 


MITRE CORPORATION, THE 
P.O. BOX 208 
BEDFORD, MA 01730 

OICY ATTN JOHN MORGANSTERN 
OICY ATTN G. HARDING 
OICY ATTN C.E. CALLAHAN 

MITRE CORP 

WESTGATE RESEARCH PARK 
1820 DOLLY MADISON BLVD 
MCLEAN, VA 22101 
OICY ATTN W. HALL 
OICY ATTN W. FOSTER 

PACIFIC-SIERRA RESEARCH CORP 
12340 SANTA WNICA BLVD. 

LOS ANGELES, CA 90025 

OICY ATTN E.C. FIELD, JR. 

PENNSYLVANIA STATE UNIVERSITY 
IONOSPHERE RESEARCH LAB 
318 ELECTRICAL ENGINEERING EAST 
UNIVERSITY PARK, PA 16802 
(NO CLASS TO THIS ADDRESS) 

OICY ATTN IONOSPHERIC RESEARCH LAB 

PHOTOMETRICS, INC. 

442 MARRETT ROAD 
LEXINGTON, MA 02173 

OICY ATTN IRVING L. KOFSKY 


R & D ASSOCIATES 
P.O. BOX 9695 
MARINA DEL REY, CA 90291 
OICY ATTN FORREST GILMORE 
OICY ATTN WILLIAM B. WRIGHT, JR. 
OICY ATTN ROBERT F. LELEVIER 
OICY ATTN WILLIAM J. KAREAS 
OICY ATTN H. ORY 
OICY ATTN C. MACDONALD 
OICY ATTN R. TURCO 

RAND CORPORATION, THE 
1700 MAIN STREET 
SANTA MONICA, CA 90406 
OICY ATTN CULLEN CRAIN 
OICY ATTN ED BEDROZIAN 

RAYTHEON CO. 

528 BOSTON POST ROAD 
SUDBURY, MA 01776 

OICY ATTN BARBARA ADAMS 

RIVERSIDE RESEARCH INSTITUTE 
80 WEST END AVENUE 
NEW YORK, NY 10023 

OICY ATTN VINCE TRAPANI 

SCIENCE APPLICATIONS, INC. 

P.O. BOX 2351 
LA JOLLA, CA 92038 

OICY ATTN LEWIS M. LINSON 
OICY ATTN DANIEL A. HAMLIN 
OICY ATTN E. FRIEMAN 
OICY ATTN E.A. STRAKER 
OICY ATTN CURTIS A. SMITH 
OICY ATTN JACK MCDOUGALL 

SCIENCE APPLICATIONS, INC 
1710 GOODRIDGE DR. 

MCLEAN, VA 22102 
ATTN: J. COCKAYNE 


PHYSICAL DYNAMICS, INC. 
P.O. BOX 3027 
BELLEVUE, WA 98009 

OICY ATTN E.J. FREMOUW 

PHYSICAL DYNAMICS, INC. 
P.O. BOX 10367 
OAKLAND, CA 94610 
ATTN A. THOMSON 
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SRI INTERNATIONAL 
333 RAVENSWOOD AVENUE 
MENLO PARK, CA 94025 

OICY ATTN DONALD NEILSON 
OICY ATTN ALAN BURNS 
OICY ATTN G. SMITH 
OICY ATTN L.L. COBB 
01a ATTN DAVID A. JOHNSON 
OICY ATTN WALTER G. CHESNUT 
OICY ATTN CHARLES L. RINO 
OICY ATTN WALTER JAYE 
OICT ATTN M. BARON 
OICY ATTN RAY L. LEADABRAND 
OICY ATTN G. CARPENTER 
OICY ATTN G. PRICE 
OICY ATTN J. PETERSON 
OICY ATTN R. HAKE, JR. 

OICY ATTO V. GONZALES 
OICY ATTN D. MCDANIEL 

STEWART RADIANCE LABORATORY 
UTAH STATE UNIVERSITY 
I DE ANGELO DRIVE 
BEDFORD, MA 01730 
OICT ATTN J. ULWICK 

TECHNOLOGY INTERNATIONAL CORP 
75 WIGGINS AVENUE 
BEDFORD, MA 01730 

OICY ATTN W.P. BOQUIST 

TRW DEFENSE & SPACE SYS GROUP 
ONE SPACE PARK 
REDONDO BEACH, CA 90278 
OICY ATTN R. K. PLEBUCH 
OICY ATTN S. ALTSCHULER 
OICY ATTN D. DEE 
PICY ATTM D/ Stockwell 
SNTP/1575 

VISIDYNE 

SOUTH BEDFORD STREET 
BURLINGTON, MASS 01803 
OICY ATTN W. REIDY 
OICT ATTN J. CARPENTER 
OICY ATTN C. HUMPHREY 

EOS TECHNOLOGIES, INC. 

606 Wilshire Blvd. 

Santa Monica, Calif 90401 
OICY ATTN C.B. GABBARD 
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